Key indicators: single-crystal X-ray study; T = 296 K; mean (C-C) = 0.006 Å; R factor = 0.058; wR factor = 0.162; data-to-parameter ratio = 15.4.
The two independent molecules in the asymmetric unit of the title compound, C 11 H 12 Cl 2 N 2 OS, exhibit different conformations, with the benzene ring and the N 2 CS thiourea group forming dihedral angles of 87.40 (18) and 69.42 (15) . An intramolecular N-HÁ Á ÁO hydrogen bond is present in each molecule. Two further N-HÁ Á ÁO hydrogen bonds link the independent molecules into a dimer. In the crystal, the dimers are linked by N-HÁ Á ÁS and C-HÁ Á ÁS hydrogen bonds, forming chains parallel to the c axis.
Related literature
For applications and biological activities of thiourea derivatives, see: Abbas et al. (2013) . For the crystal structure of a related compound, see: Yusof et al. (2012) . For bond-length data, see: Allen et al. (1987) . Refinement R[F 2 > 2(F 2 )] = 0.058 wR(F 2 ) = 0.162 S = 1.05 4987 reflections 323 parameters 4 restraints H atoms treated by a mixture of independent and constrained refinement Á max = 1.51 e Å À3 Á min = À0.83 e Å À3 Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) x; Ày þ 3 2 ; z þ 1 2 ; (ii) x; Ày þ 3 2 ; z À 1 2 ; (iii) Àx þ 2; Ày þ 2; Àz þ 1.
Data collection: SMART (Bruker, 2009); cell refinement: SAINT (Bruker, 2009); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: SHELXTL and PLATON (Spek, 2009).
Comment
Halogeno-carbonoylthiourea derivatives are useful starting materials for the synthesis of other derivatives through the reactivity of the C-halogen bonds. It is also known that the compounds are an important class of organic compounds due to their potential application as ligands and to their biological activities (Abbas et al., 2013) .
The title compound ( Fig. 1) is an isomer of the previously reported compound 1-(4-chlorobutanoyl)-3-(2-chlorophenyl)thiourea (Yusof et al., 2012) where the chlorine atom is at position-3 of the phenyl group. The asymmetric unit consists of two crystallographically independent molecules. Both molecules maintain the trans-cis configuration with respect to the position of the 4-chlorobutanoyl and 3-chlorophenyl groups, respectively, relative to the thiono S1 and S2 atoms across their C-N bonds. The thiourea moities, (N1/N2/C5/S1/C6 and N3/N4/C15/S2/C16) and benzene rings, (C6-C11 and C17-C22) in both molecules are planar with a maximum deviation of 0.023 (3) Å for atom N2. In one molecule, the benzene ring is almost perpendicular to the thiourea moiety with a dihedral angle of 87.40 (18), while in the other molecule the dihedral angle is 69.42 (15)°. Bond lengths and angles are in normal ranges (Allen et al., 1987) and comparable to those in found 1-(4-chlorobutanoyl)-3-(2-chlorophenyl)thiourea. There are intramolecular hydrogen bonds between the carbonyl oxygen atom and thioamide hydrogen atom, N2-H2··· O1 and N4-H4···O2 in both molecules (Table 1 ). In addition, the two molecules are connected by N2-H2···O2 and N4-H4···O1 hydrogen bonds. In the crystal packing the molecules are linked by N-H···O, N-H···S and C-H···S hydrogen bonds to form one-dimensional chains along the c axis ( Fig. 2 ).
Experimental
An acetone solution (30 mL) of 3-chloroaniline (0.01 mol, 1.27 g m) was added dropwise into a two-necked roundbottomed flask containing an equimolar amount of 4-chlorobutanoylisothiocyanate (0.01 mol, 1.636 g m). The mixture was refluxed for about 4 h, filtered into a beaker and left to evaporate at room temperature. The filtrate gave colourless crystals after 7 days on slow evaporation of the solvent (yield 78%).
Refinement
H atoms were positioned geometrically with C-H = 0.93-0.97 Å and constrained to ride on their parent atoms with U iso (H) = 1.2U eq (C). The H atoms on the nitrogen atoms were located in difference Fourier map and refined isotropically with the N-H distances constrained to be 0.88 (1) Å. The highest peak and deepest hole are located at 0.73 Å from atom H10 and 0.74 Å from atom Cl2, respectively. One outlier (2 0 0) was omitted from the last cycles of refinement. The crystal packing of the title compound viewed down the b axis. The dashes lines indicate hydrogen bonds. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. (11) 0.0642 (7) 0.0309 (8) 0.0174 (7) 0.0311 (7) Cl3 0.0508 (6) 0.0749 (8) 0.0930 (9) 0.0089 (6) −0.0142 (6) 0.0095 (7) Cl4 0.0744 (8) 0.0630 (7) 0.0882 (9) 0.0298 (6) −0.0016 (7) 0.0157 (6) S1 0.0343 (4) 0.0466 (5) C8-C9-C10-C11 −0.4 (7) C19-C20-C21-C22 −0.4 (6) C7-C6-C11-C10 −0.2 (6) C18-C17-C22-C21 0.5 (5) N2-C6-C11-C10 −177.8 (4) N4-C17-C22-C21 177.4 (3) C9-C10-C11-C6 0.3 (7) C20-C21-C22-C17 −0.3 (6) Hydrogen-bond geometry (Å, º) Symmetry codes: (i) x, −y+3/2, z+1/2; (ii) x, −y+3/2, z−1/2; (iii) −x+2, −y+2, −z+1.
1-(4-chlorobutanoyl)-3-(3-chlorophenyl)thiourea
R int = 0.046 θ max = 25.5°, θ min = 2.9°h = −17→17 k = −13→13 l = −21→21
